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Synopsis
A human being takes in the outer world information by using the five senses, and lives. So he is forced very
inconvenient life even when one sense is missing. Among others, it is said that the sense of hearing has
importance next to the sight, but it is one of the organs which surely become weak with aging, and "hearing
defect" is particularly the problem which all people face someday. But, technically and socially, the system which
the person whose physical function is poor can entry into and contribute to the society is very important.
In this research, the way of making up for a lost function by the medium change to the sense of touch
information from the auditory information is examined, as a help that hearing-impaired gets "safety",
'!.independence", "the tranquility of the heart" from the technical side. In this paper, as a concrete system, it paid
attention to the mouse of the PC interface, and a vibration mouse was used under the environment which a PC
was being used for, and thought about building of the system which can acquire the sound information of the life
environment in real time.
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1. Introduction
When human beings take in the outer world information, the various sounds which exists in the life
environment plays a very important part. And, the sense of hearing has importance next to the sight with the five
senses. However, as for the person, a physical function declines with the age, and the sense of hearing is not an
exception, either. Because environment information acquisition by the sense of hearing is difficult, auditory
handicapped people often meet the dangerous, and have inconvenient scene in the daily life. Actually, in the
questionnaire investigation of necessity of every environment information in the home, school, and workplace by
hearing-impaired, the "It is in trouble." answer of the high rate which exceeds 50 percent in all the choices
presented as an answer candidate can get it. So, for hearing-impaired, the life that it stood on its own feet is very
much difficult. In this research, as a sense acting to make it help of getting the people's "safety", "independence",
"the tranquility of the heart", it is examined about the way of making up for a lost function by the medium change
to the sense of touch information from the auditory information. Most auditory acting are a method to present in
the sight. The reasons to choose the sense of touch as a substitutive sense are shown next. As a first, sight is the
important part which deals with other much information. Next, in comparison with it, even if a part of the sense of
touch is occupied, a decisive hindrance is not to happen, because it is a sense to spread out on the surface of the
body. Finally, information can be taken as passively is common with the sense of hearing.
In the past, the research which a skin sense is used for is done in the various fields, and it had a large variety of
purpose and method. As a sensory assistance of a sense system, in the field of Virtual Reality, it is being studied as
a part of the display system research of doing information presentation to the human being, and sense of touch
information gets the result that it is effective against the efficiency improvement of the imagination work. And,
from the idea that a human beings' communication ability is applied to Man Machine Interface, it have been
researched as a part of Multimodal Interface.
On the other hand, in the field of sense acting, the following research is being done. The research of the tactile
display to form the sense that it is traced the surface of the imaginary object, the research of Tactileaid which
exchanges sound with the skin stimulus and which transmits it to the finger, the research which it reduced that "a
feeling of the paralysis" and "fatigue" of the fingertip which caused by vibration stimulus are proceeded, and etc.
As the way of presenting vibration stimulus to a skin sense in the field of sense acting, there are two forms.
One is the way that a human touches an installed device actively, and the other is the way that human body is
attached a presentation device.
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By auditory acting, because sound information has the passive characteristics that it can't be predicted when
and where come, the latter's method is used. Though the research of transmission of the character information, and
of the music information which more than one motor were used for, and so on is studied, but there is a little
research of presenting a surrounding environment by the vibration. Although a vibration watch, vibration pocket
bell and so on have already been used as a product which presents an environment due to the vibration, that part is
confined to "Alarm". Therefore, it still keeps leaving a subject that the environment information transmitted by
only vibrating.
In this research, it is aiming at the system that environment sound is changed in real time in the vibration, and
it can be communicated to the user under any environment. In this paper, first, as a limited environment, it is
thinking about building of the system that the mouse which is the standard interface of any PC is vibrated and
stimulate a skin sense, and environment sound information is changed into the vibration pattern which is often
judged intuitively.
2. Sound Information Needed by Hearing-Impaired in Daily Life
The sound information needed by hearing-impaired in daily life is summarized in Table.I. The requirement
toward the various sound information, that originates in the movement of the household electric appliances and
handling, is high at home. On the other hand, it isn't so high in other environments. A reason is, at home, though
household electric appliances must be dealt with personally, but assistance by the friend and the colleague maybe
done in the school, workplace. On the other hand, a degree of necessity of the contents of the announcement at
station and department store is high in comparison with other information in the city. Overnight at the time of
staying out, floor information in emergency, and information of door knock of the guest room is required.
h 1d db h11 bl 1 S d I ta e. oun n ormatIon nee e 'y earln2-1mpalre In eac pace.
Place Sound Sources
The alarm of the electronic machine The sound of the alarm system
Home Gas leakage, water omission sound The ring tone of a telephone, FAXThe knock of the door The entrance chimes
The voice of a family calls him
Broadcasting The sound of the alarm system
Workplace, The voice of a somebody calls him The knock of the door
school The siren of the ur2ent car The ring tone of a telephone, FAX
The alarm of the electronic machine
Broadcastin2 (Guidance, Call) Appeal from somebody
Impact noise The running sound of the motorcycle, car
City The movement sound of the electronicThe horns of the motorcycle, car
machine
Broadcasting (Guidance, Call) The knock of the door
Staying out The ring tone of a telephone The alarm of the clock
overnight The sound of the alarm system The sound that water and hot water flow
Impact noise
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3. Human Senses
The sense of sight, hearing, and touch is possible that to change for time as to pass and on the point which it is
away each other is recognized. So, it has commonness in the point of the time space information processing. The
possibility of the medium change of a sense is shown in this point. But, originally sight recognizes optical
information and sense of hearing recognizes sound information. So, it has peculiarity in the meaning of doing
qualitatively different information processing. And, even the point of the time resolution ability and the space
resolution ability shows a difference. When the amount of transmission information for one-second is compared
with the numerical value, it becomes the following.
Sight 10**7 bitls
Hearing 10**4 bitls
Touch 10**2 bitls
To be clear from the data like this, there is a problem in the method that sIght and auditory information is
presented with the original form in the sense of touch.
Moreover, as for the daily life, generally the five senses are not function separately, but complement each other
to the mutuality to recognizing an object. For example, an object is seen with the eyes, and confirmed, and struck,
and it listens to the sensation with the ears, and it touches it in the finger, and the outline is taken, and details are
recognized. In other words, it depends on an interaction between a senses. Furthermore, the process of touching
an object can classify into passive sensation of touch and active sensation of touch for the pattern recognition.
Generally, both processes are made together when an object is recognized by the sense of touch. In other words, a
hand and finger is moved first roughly to grasp whole information, and furthermore, it touches a part which paid
attention to, and the process that it gets details information from there is repeated. The aspect of such a touch
recognition is called haptic perception. The haptic perception can be classified for some movements (Fig.l).
recogn i ze shape)
et
contact •
trace
struck
Fig.l Haptics perception.
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4. System Composition
The image of the outline of the system is shown in the Fig.2. The environment sound acquired through the
microphone is processed a medium change with the PC in real time, and environment information is transmitted to
the user through the vibration mouse. And, an image and character information are presented in the display at the
same time.
In this research, a notebook PC whose CPU is mobile Celeron-l.06GHz is used. And, as a mouse, "iFeel
Mouse" of Logitech corporation is used. It vibrates by the built-in motor transmitted from soft recognized signal,
and it can take an object on the screen sensuously through the human sense of touch. An object on the screen can
be taken sensuously by complaining about it to the human sense of touch. Its vibration is customized freely by
using Development Kit of Immersion Corporation, and can be applied to the application. In this system, C++ was
used for the development language of the software such as sound source recognition and the control of the
vibration, and Immersion Fundamental Class SDK was used to control the vibration (Fig.3).
MousePC
Recognition and Display
Vibration
Mic
•
•
Sound sources
Fig.2 System composition.
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Acquisition of the sound sources PC:mobi Ie Celeron-l.06GHz
Development language: C++
Immersion Studio 4.1.0IRecognition of the sound sourcel
~ Preparation ofICho ice of the vibrat ion patternt'-: the vibration pattern
~
Immersion Foundation Classes SDK
Monitor
I Display I IVibrationl iFeel Mouse
Fig.3 System block diagram.
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5. Rules of The Most Suitable Vibration Pattern
It is the most important thing what kind of pattern to make to extend the realization possibility of this system.
With the past experiment result, as for the pattern, the shorter one is easy to recognize in a short time. Also, the
intuitive patterns, which there are a few things to memorize for the recognition, result in less error (Table.2,3). So,
the clear vibration pattern had better be made shorter.
When a stimulus is continued and kept receiving human skin in the same place, a kind of "experience" is
brought about the sense isn't comfortable, and a feeling of the paralysis increase specially by the vibration
stimulus. Therefore, because sensitivity threshold declines very much, it should be necessary to make a change in
time in the stimulus. Moreover, it is taken into consideration in continuing a vibration pattern beyond the necessity.
This is here even not to confuse more than one vibration pattern. This is not to confuse a number of vibration
pattern too. In human skin, pacinian corpuscle is thought that it is receive a vibration stimulus mainly, and its
sensitivity is the best at about 200Hz. Therefore, it can think that the preparation of the vibration pattern which
moved the neighborhood to the center 200Hz is the most suitable. The upper limit of the frequency of the
vibration which can work with "iFeel Mouse" is about 300Hz. And, it is necessary to make a vibration pattern by
using the frequency of at least 1Hz and more to introduce surrounding conditions briefly. In the past experiment,
if the difference in frequency is within 1.5 times, it can't feel a difference in the vibration by a skin sense. This is a
result in the fingertip which a human can feel the sense of touch with most sensitively. With this system, the
possibility that flat of a hand feels the vibration of the mouse is high. Therefore, when frequency is made to
change in 1 pattern, it is desirable to give the difference in frequency at least two times and more between the
beginning and the end of the change. "iFeel Mouse" can set up the strength of the vibration except for the
frequency, too. But, impression varies according to the frequency very much as to the same strength, and even if
strength is made to change, it isn't so conspicuous. And, we may let the whole strength change by the taste of the
user individual. So strength value may not make it do a change very much..
Table.2 The vibration which makes it associated sound.
Kind of the sound Average of the Proper answer
recognition time rate
Alarm system 5.88 88.9
Impact noise 6.21 66.7
Telephone 5.53 88.9
Water omission 5.17 88.9
Door knock 4.52 77.8
Opening and closing 8.10 66.7
sound of the door
Footstep 4.75 55.6
The movement sound 7.29 77.8
of the machine
fth}; bl 3 Tha e. e com Ina Ion 0 e sImp e VI ratIon.
Kind of the sound Average of the Proper answer
recognition time rate
Pattern 1 8.79 100.0
Pattern 2 6.92 88.9
Pattern 3 9.68 55.6
Pattern 4 9.46 33.3
Pattern 5 10.17 55.6
Pattern 6 10.26 66.7
Pattern 7 12.03 33.3
Pattern 8 9.46 100.0
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6. Summary and Future View
The necessary condition of the part of the interface of the system is the vibration pattern which is easy to
understand, the most suitable allotment to each sound source, the timing of the vibration and so on. The part of the
sound source recognition of the system is almost completed. From now on, based on the above, we bring the
information presentation part completion, and aims at the whole completion of the system. Then, an experiment
will be repeated to do the realization of the better system.
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